Two approaches to teaching with technology to highlight practice-based teacher knowledge and actions for teaching technologically enhanced lessons are presented. Participants were two elementary pre-service teachers teaching during practicum. Qualitative data sources included verbatim transcripts of participant interviews, field notes of planning and support sessions, and classroom observations. Teacher lesson plans and student work samples triangulated data. Cross case analysis revealed that content-centric pedagogy -focusing lesson design on a specific content learning outcome, rather than technical skill -promoted student engagement and learning of both content and technical skill. Additionally, some pedagogical knowledge characteristics, reflected in specific teacher actions related to planning and implementation of technology-enhanced lessons, were fundamental across the two subject areas investigated. For novice elementary teachers, explicit communication of generic technology pedagogical knowledge characteristics, supported by concrete examples of teacher actions, may contribute to teachers experiencing a degree of success during their initial attempts at teaching with technology.
Introduction
The competent 21st century teacher no longer approaches teaching with technology using technocentric strategies and techniques (teaching the tool); they incorporate more content-centric approaches (teaching with the tool), focusing on students' curriculum with standards-based learning (Harris, Mishra & Koehler, 2007; Jonassen, Howland, Marra & Crismond, 2008) . Teaching with the tools rather than teaching the tools allows teachers to see more quickly how the tools can be used to support learning. Incorporating this perspective into teaching and teacher education requires research that illustrates clearly and simply the "most effective ways to help teachers take advantage of technology" (Thompson & Mishra, 2008, p. 38) . One of these ways is to identify actions of teachers during teaching practice that support student learning of content knowledge and technical skill knowledge.
Few studies have investigated what these specific pedagogical actions are in relation to technology-enhanced lessons. Many studies have used self-report data from pre-and post surveys or pre-and post interviews to examine the use of technology in teaching by novice teachers, specifically pre-service teachers (Dexter & Riedel, 2003; Doering, Hughes & Huffman, 2003; Erickson, Jaipal, Mayer-Smith & Westrom, 2003; Grove, Strudler & Odell, 2004) . Such data yielded general skills related to technology attitudes and technical competence, but did not describe what pre-service teachers do in practice. Grove et al. (2004) suggested that in order to further understand pre-service teachers' experiences with technology use in teaching, actual classroom observations as well as surveys and interviews are needed. A few recent studies have incorporated observations as well as interviews to document how pre-service teachers acquired, used, and shared knowledge during teaching practice, with support from each other and their associate teachers, leading to effective teaching with technology (Margerum- Leys & Marx, 2004; Schmidt, Baran, Thompson, Mishra, Koehler & Shin, 2009; Sahin, Akturk & Schmidt, 2009; Cox & Graham, 2009 ).
Case studies of technology-enhanced classroom practice provide insights and understandings about the types of knowledge teachers need to effectively teach with technology. This paper presents two case studies of pre-service teachers teaching with technology to identify characteristics of teacher knowledge and specific teacher actions supporting student engagement and learning during technology-enhanced lessons. The findings contribute to: 1) the literature by identifying characteristics of technological pedagogical knowledge supporting technology-enhanced lessons, and 2) the practices of pre-service and in-service teachers, and teacher educators by providing concrete examples of teacher actions in classroom practice that support and impede technology-enhanced teaching and learning.
Teacher knowledge for teaching with technology
Pre-service teachers require more than knowledge of technical skills in order to promote meaningful learning (Jonassen, Howland, Marra & Crismond, 2008) . Shulman (1986) suggests that meaningful student learning of content occurs when teachers demonstrate a strong understanding of the relationship between content and pedagogical knowledge -one that "goes beyond knowledge of subject matter per se to the dimension of subject matter knowledge for teaching" (p. 9), or pedagogical content knowledge (PCK). Shulman (1987) further explains that PCK "represents the blending of content and pedagogy into an understanding of how particular topics, problems, or issues are organized, represented, and adapted to the diverse interests and abilities of the learners, and presented for instruction" (p. 8). Shulman's (1986) model of teacher knowledge is situated within subject matter disciplines, such as science, language arts, or math. In this model, technology is regarded as an add-on to the content instruction -a part of what is known as curriculum knowledge. According to Shulman (1987) , curriculum knowledge refers to knowledge of the "materials and programs that serve as 'tools of the trade' for teachers" (p. 8).
However, Koehler and Mishra (2008) suggest that knowledge of how to teach with technology should be regarded as a distinct component of teacher knowledge, describing this knowledge as an understanding that emerges from an interaction of content, pedagogy, and technology, referred to as Technological Pedagogical Content Knowledge (TPACK) [1] . (Koehler & Mishra, 2008, p. 12) . TPACK is complex and influenced by multiple factors within and outside the school context (Zhao, et al., 2002; Ertmer, Addison, Lane, Ross & Woods, 1999 Technological knowledge (TK) is characterised by individuals' understanding of technology "broadly enough to apply it productively at work and in their everyday lives, to recognise when information technology can assist or impede the achievement of a goal, and to continually adapt to changes in information technology" (Koehler & Mishra, 2008, p. 15) . TK, as applied in this study, includes aspects of understanding and mastery of technology (technical skills) and application of those skills in productive ways in everyday use (competent personal use with the tools). Koehler and Mishra (2008) define Technological Content Knowledge (TCK) as:
an understanding of the manner in which technology and content influence and constrain one another. ... Teachers need to understand which specific technologies are best suited for addressing subject matter learning in their domains and how the content dictates or perhaps changes the technology -or vice versa (p. 16).
In this study, TCK was conceptualised as the demonstration of the ability to match the technology tools to achieve specific subject matter content goals or learning outcomes. For example, if the learning goal is to conduct an inquiry project in science, then graphing software is an appropriate tool to facilitate data analysis.
Technological Pedagogical Knowledge (TPK) is "an understanding of how teaching and learning changes when particular technologies are used which includes knowing pedagogical affordances and constraints of a range of technological tools as they relate to disciplinarily and developmentally appropriate pedagogical designs and strategies" (Koehler & Mishra, 2008, p. 16) . TPK, as formulated for this study, is defined as the effective use of technology to plan and implement lessons that achieve the subject matter instructional goals; it is characterised by practical teaching competencies (i.e., instructional design, classroom management, organisation, evaluation, differentiated instruction) during planning and implementation of technology-enhanced lessons.
Research methods

Participants and setting
The two case study participants (pseudonyms 'Sandra' and 'Chelsea') were pre-service teachers in an 8-month BEd program, representing a purposive sample of pre-service teachers in the program. Criteria for participation included a keen interest in learning how to integrate technology into classroom teaching, and placement at an elementary school within the researchers' allotment area. In addition, having associate teachers who expressed an interest in allowing the pre-service teachers under their supervision to teach with technology was also a consideration. The two participants were in two different elementary schools from similar socio-economic areas. A research team of two university researchers, one research assistant, and the technology specialist for the school board worked with each participant to provide 'just-in-time' technical and pedagogical support to encourage pre-service teachers to enhance their lessons using technology.
Data sources
Qualitative data sources included a background questionnaire, transcripts of individual interviews, planning and support sessions, observations of classroom teaching (two to three per participant), and post lesson debriefing interviews. Teacher artefacts, such as lesson plans and anonymous student work samples, were also collected. The number of support sessions for each participant varied, based on participants' needs.
Procedure
During the first week of the 7-week practicum (March), the research team, including the technology specialist, conducted a mini-workshop brainstorming session with the pre-service teachers to make decisions about the integration of technology in their lessons. Further assistance in lesson designing and implementation was provided on site as requested, including a variety of supports -cycles of feedback on lesson planning, technology resources and laptops, one-on-one technical instruction, and additional assistance in the computer lab during lesson implementation. An online communication management tool, Gaggle (https://gaggle.net/), was used to create a support forum where technical tutorials and other relevant information were posted. Technology-enhanced lessons were then observed, followed by post-lesson debriefing interviews. Individual interviews with the pre-service teachers were conducted during the final week of the practicum.
Data analysis
Factors previously identified in the research as influencing technology integration, including time, access to resources, technology infrastructure, and technical support staff (Becker, 1994; Hadley & Sheingold, 1993; Zhao, Pugh, Sheldon & Byers, 2002) , and other multiple factors interacting within and outside the school context (Zhao et al., 2002; Ertmer, Addison, Lane, Ross & Woods, 1999) , were mediated as much as possible through offers of 'just-in-time' training for technical (TK), and subject matter knowledge (CK), to allow participants to focus on planning and implementation of subject matter content with technology (TK, TCK and TPK).
Therefore, transcripts of planning sessions, post-lesson debriefing sessions, classroom observations, and individual interviews were coded with a focus on planning and implementation strategies and techniques. Two researchers coded the data independently to generate emergent themes across cases (Yin, 2008; Miles & Huberman, 1994) . Key descriptor phrases of teacher actions were aggregated and categorised into general coding categories or themes. From the general coding categories identified from the data, characteristics were identified and sorted into the three technology components TK, TPK and TCK as described by Koehler & Mishra (2008) and operationalised by the authors in Table 1 (Figg & Jaipal, 2009 ). Ability to match the technology to the subject matter content to achieve specific subject matter goals or learning outcomes Technological Pedagogical Knowledge (TPK) Practical teaching competencies (i.e., classroom management, organisation, evaluation, differentiated support resources, accommodating prior knowledge during planning and implementation)
The two cases in this paper are presented thematically to highlight teacher actions associated with planning and implementation approaches. The three thematic categories that emerged from the cross-case analysis were: 1) comfort level and attitude towards using technology (TK), 2) planning approaches (TCK & TPK), and 3) implementation approaches (TPK). Assertions are supported by excerpts from the questionnaire, transcripts, and teacher artefacts. Classroom observation data and student artefacts are used as evidence to describe the influence of these teacher actions on student engagement and learning.
A limitation of this study is that we present data from two cases of pre-service teachers teaching with technology. However, it is not our intention to make generalisations to other populations, but to provide insights and understandings about pre-service teacher actions in teaching with technology. Additional case studies are needed to expand or extend findings.
The thematic cases
Comfort level and attitude toward using technology Sandra Sandra was apprehensive about introducing technology into classroom practice but was eager to learn. She had completed a short teacher education methods course in using technology in the classroom and had some ideas about appropriate places to integrate the technology, but she viewed her skill level as beginning and indicated a low comfort level with computer tools. Her practicum placement was in a Grade 8 Social Studies class with 27 students, and she sought suggestions from her associate teacher about an appropriate unit that she could design and teach. Her associate teacher suggested she teach a unit that would satisfy the curriculum area of Application of Geographic Economic Systems and provided her with subject matter resource materials. These resource materials provided a series of lessons that required students to create a "lunchable," a boxed lunch product, which could be marketed. Sandra brought these materials to the brainstorming session and asked specific questions about how she could use technology to promote the selected curriculum goals.
Chelsea
Chelsea was comfortable talking about technology. She had completed the technology in the classroom course, and she indicated that she was somewhat comfortable with computer tools and rated herself as fairly proficient with the tools. Her practicum placement was in a Grade 4 class with 34 students. Chelsea had no clear ideas about where she would integrate technology into the curriculum. She used the brainstorming during the planning session to talk about topics she would be teaching and listened intently to the discussions and suggestions of the technology specialist. After the brainstorming session, she decided to teach students how to use KidPix, a children's software tool for drawing objects on individual slides that can be displayed as a slideshow. She selected Endangered Species as the topic for the slideshow, a topic within the Grade 4 Ontario Science unit on Habitats and Communities.
Planning approaches
Sandra Sandra approached the planning of her technologically-enhanced lessons as a collaborative learning process. She used the ideas from the initial brainstorming sessions, and commented: I wouldn't have thought of using SMART Ideas and Audacity because I'd never heard of them before in my life! She followed up with many meetings with the research team and technology specialist prior to lesson design, soliciting ideas and bouncing ideas off of the more experienced team members and listening to suggestions and comments about how to incorporate SMART Ideas and Audacity into her lessons. She then incorporated many of the ideas in the lesson designs and forwarded them to the research team or her associate for feedback and suggestions. Her series of lesson plans on Economic Systems was developed in collaboration with the research team through this cycle of working independently to put her ideas into the lesson, then soliciting feedback as to how to improve the lesson. During these cycles of feedback, issues such as how to use specific tools (NetSupport, Audacity and SMART Ideas [2] ) would arise. Sandra would then arrange to receive one-on-one, 'just-in-time' training in new or different tools. She explained:
I got a tutorial [on using NetSupport] in less than 10 minutes --someone sits down with me and then we open it up and they show me an example.
Afterwards, she practised using the tools by herself, often seeking additional tutorials and exercises through online sources, and then practised using the tool with the computers in the lab.
In addition, Sandra approached planning as a process in which learning activities were sequenced in lessons to promote the content learning outcome (content-centric). For example, she designed a series of lessons where students first researched the resources that were used to make the ingredients of the lunchable products that would be included in a lunchable of their own design. In Lesson 2, students created a pencil and paper graphic organiser to show the manufacturing steps to produce the ingredients (e.g., corn was ground into flour, which was in turn used to make tortillas). In Lesson 3, students used SMART Ideas to create a complex concept map of the manufacturing processes used to make all ingredients in their lunchable. Lesson 4 involved creating an advertisement that could be used to market their lunchable. Students drew a picture of the lunchable, creating an appropriate slogan or jingle for their lunchable, and then recorded the advertisement/jingle as a podcast. As a culminating activity, students presented their products and advertisements to classmates.
Once Sandra had completed the instructional design, she then considered the pedagogical aspects of implementing the lesson, including learner prior experiences and knowledge. Many of the grade 8 students had used SMART Ideas before; nevertheless, she still created a simple handout (See Appendix A) for her students to serve as a guide for creating a flowchart using SMART Ideas. Using a handout also enabled Sandra to provide differentiated supports for varying student levels of technical and reading skills.
As part of her implementation, Sandra also created her own exemplar of a flowchart on SMART Ideas that could be used to model expected student outcomes (see Appendix B). She planned to use NetSupport to demonstrate how to create a flowchart in SMART Ideas, describe the expected student product using her exemplar, and then facilitate student activity as they worked through the short handout. So, her overall focus in this unit design was on the content learning outcome (content-centric), not technical skill learning.
Chelsea
Chelsea did not indicate any personal preferences about how she wanted to use technology in her instruction when she arrived at the brainstorming session with the research team. She found the suggestion to use KidPix exciting and decided students could use the tool to conduct research on habitats for a Grade 4 Science unit. Therefore, she chose to design a series of lessons on creating a slideshow on endangered species, a topic that students were completing with her associate teacher. She designed two lessons -Lesson 1 focused on researching the endangered animal and Lesson 2 on creating the slideshow.
Chelsea approached the planning process as an independent task. She did not follow up with the research team during the planning phase of the lesson involving KidPix; she only sought feedback on her lesson plan and rubric from her associate teacher, an experienced teacher of science.
I wrote it up. I did the actual written instructions for the students, and did the rubric at the end.
In her interview, Chelsea stated that her focus was not on the science learning outcomes, but she wanted her students to learn how to use KidPix. Hence, her lesson was designed to build technical skills (techno-centric).
So basically it was the technical part of it -I just wanted them to know how to do the slideshow.
As with Sandra, Chelsea realised that she needed to improve her own technical skills using KidPix. She was somewhat confident in her own ability to work with computers, and she practiced using KidPix at home on her own computer.
I just went in there and I kind of fiddled around myself to see what worked and didn't. I didn't really use the "Help" thing! That's the way we learn to use computers now! Chelsea felt that the way to teach the students how to use KidPix would be to take all of the students into the computer lab and guide them through the steps needed to create a slideshow.
I was going to do it step-by-step. "Go to KidPix" then "Add Graphics" as a group. Therefore, she created materials to support this type of teacher-directed activity, including an exemplar of the expected finished student product (see Appendix C), a detailed handout (see Appendix D) providing steps for completing technical skills, and a handout (see Appendix E) outlining the science content for each slide. She planned to demonstrate each step of the technical handout, and then have students work through the steps independently to create their slideshow while she assisted those students needing additional help.
Implementation approaches
Sandra Sandra began her lesson by instructing students that they would be designing a lunchable product with ingredients that could be acquired from economic resources in the surrounding geographic regions. She directed the students to do the following:
I want you to organise your ideas about the items in your lunchables -which resource and country do the items come from? Sandra's comment showed that the focus of the lesson was not on learning the technology tool (SMART Ideas), but was on learning the subject matter outcomes. Students would determine the needed ingredients for the lunchable they were designing and locate the source of the resources. During Lesson 1, students conducted research in books to locate this information. In Lesson 2, Sandra modeled how to construct a brainstorming web to display that information. She drew a web example of what they would be constructing on the blackboard. Students then used pencil and paper to draft out their webs for their lunchables. An example of a student-created concept map is illustrated in Figure 1 . Figure 1 : Hand-drawn student web.
In Lesson 3, Sandra prepared students to work in the lab by providing directions for behaviour expectations, and then walked her students to the lab. She told her students that she would demonstrate creating a flowchart using SMART Ideas. They would next use the tool to create their own flowchart for their lunchable. Sandra turned on NetSupport, a network management tool that displayed what was on her teacher monitor to all the computers in the lab and, at the same time, froze student keyboards. She briefly demonstrated four skills: creating symbols, linking symbols, adding labels, and formatting symbols for color/clarity. She provided the students with the short printed handout (see Appendix A) for reference and then turned NetSupport off so students could begin working on their own flowcharts. Students were fully engaged in the learning activity and generated more complex flowcharts than their paper drafts as illustrated in Figure 2 .
In Lesson 4, Sandra instructed students to design packaging for their lunchables and create slogans and/or short advertisements to be recorded as podcasts. Prior to Lesson 5, Sandra requested technical support from the researchers and the technology specialist to set up and test the headphones so that equipment would be operating properly. In Lesson 5 she demonstrated the use of Audacity to record a podcast, and then her students worked in pairs to record their slogans or advertisements as podcasts. 
Chelsea
Chelsea used a different style for implementing her lessons. She took her Grade 4 students to the computer lab where she began the first lesson by showing her students a paper example of the finished product they would be constructing. Students, guided by a set of questions and teacher assistance, worked independently to conduct Internet research to locate pictures and information on an endangered animal of their choice. Pictures were bookmarked and relevant information recorded on the worksheet.
In the follow up, double lesson period, in the computer lab, Chelsea's lesson goal was to have students create the actual KidPix slideshow consisting of 5 slides. Each slide would contain one piece of researched information about an endangered animal and any appropriate pictures collected in the prior lesson. Students were provided with a two-page technical skill handout (see Appendix D) and she began reading the directions for Step 1, which was on importing pictures. Chelsea expected her students to listen to her directions or read the directions and then carry out the step. However, many students had difficulty accessing folders with pictures and importing pictures from folders. Students also worked at different rates; some were able to follow the directions without assistance and others had difficulty and required one-on-one help. Chelsea responded to what was happening by making changes in her lesson plan on the fly, hoping to help students more clearly understand what to do. She spent the entire one hour lesson assisting students individually to import pictures into KidPix. Five out of the 34 students were able to begin creating slides; only one student was able to build all five slides similar to the example. When Chelsea reflected on the lesson during her interview, she commented:
It just didn't work because some were faster than others; some were slower than others so that's when I decided to use NetSupport next time… the lower kids got frustrated really easily and they were the ones that quit right away! Chelsea further explained that she had never thought that the variance in the skill levels of the students would present difficulty because she would be walking them through step by step. For her next lesson, she reduced the number of technical instructions to six (see Appendix D), she asked the technology support teacher at the school to show her how to use NetSupport, and she practiced using NetSupport so that she could control the presentation and demonstrate the six steps she had decided to use. Further revision and completion of the instructional cycle was not possible due to difficulties in scheduling time in the computer lab in the short time remaining for the practicum.
Cross-case analysis
While the two cases highlight many aspects of content and pedagogical knowledge, we focus on teacher knowledge pertaining to the effective use of technology. The crosscase analysis of two pre-service teachers' approaches to teaching with technology highlighted characteristics of technological pedagogical content knowledge (TPACK) in the planning and implementation phases of teaching.
Characteristics of teacher knowledge during planning of technology-enhanced lessons
Teacher knowledge influencing the planning of technologically enhanced lessons was related to: 1) content-centric learning goals for the lesson, 2) choice of technologyenhanced activity, 3) differentiation strategies, and 4) sequencing of activities.
With regard to learning goals for the lesson, the findings of the current study suggest that content-centric goals supported student learning of content and technical skills Sandra's students were able to meet social studies learning outcomes though technologyenhanced activities -they learned technical skill and content knowledge. Chelsea's focus on teaching the technology skill (making a slideshow) and using the content as the medium was not as effective at engaging students in technical skill and content learning. Pre-service teachers' choice of activity included the actions of soliciting advice about selection of technology activities. The findings suggest that for novice teachers, soliciting constant feedback from experienced teachers in both technology and subject matter content (e.g., technology consultant and associate teacher) on the appropriateness of the technology activity to support the subject matter learning outcomes, is more beneficial than planning independently or receiving feedback on the lesson design in relation to the content only.
Both pre-service teachers' planning actions reflected ways to differentiate and sequence technology-enhanced activities for student learning. Two teacher actions that were significant for student engagement and learning in these technology-enhanced lessons were: 1) preparing brief handouts, and 2) sequencing the lessons to introduce a few technical skills at a time with the content. Chelsea's technology-enhanced lesson was initially designed to introduce all skills (in a 2-page handout) and incorporate science content in a double period lesson. She later modified the handout to a few simple instructions to teach a few select technical skills. This modification suggests that novice teachers require support in how to sequence technology activities if they wish to maximise student engagement and the learning of technical skills and subject matter content during the lesson.
Characteristics of teacher knowledge during implementation of technologyenhanced lessons
Teacher knowledge influencing the implementation of technologically enhanced activities was related to: 1) preparation for the teaching act, 2) knowledge of specific classroom management techniques for teaching with technology, and 3) modeling strategies.
Specific teacher actions related to preparation for the teaching act that emerged as significant for student engagement and learning included: 1) training to use software applications, 2) practising in the computer lab prior to the lesson, and 3) planning back-up activities. For example, Sandra prepared for the teaching act by physically going to the lab and rehearsing how she would demonstrate and model what she wanted the students to do. In this way, she was able to modify and plan for unforeseen technical difficulties that could arise during implementation. She found that she needed additional headphones and technical assistance in setting up the lab for podcasting, and was able to recruit the experienced teachers' help for this section of the lesson. Chelsea prepared for the teaching by training on the software and by working out her delivery scenario mentally at her computer at home. However, the additional action of practising in the lab may have minimised some of the technical difficulties that arose because of her unfamiliarity with the configuration of a different set of computers in the lab.
With regard to management strategies during computer-supported lessons, the two cases showed that demonstrating technical skills using NetSupport facilitated student engagement and minimised management issues. Sandra used NetSupport to focus student attention on her demonstration and instructions by displaying her screen on each student's computer monitor. A second effective strategy to engage and motivate students was the use of appropriate grouping techniques by the teacher to scaffold learning. This strategy served to provide support to students in learning the content and/or using the technology. Sandra grouped students (2 students at a computer), matching technical and academic learning needs to facilitate a successful learning experience for students. Chelsea's lesson could have been more successful if she had grouped her Grade 4 students to complement each other's learning and technical skills needs, thus allowing her students to work collaboratively to complete the task (the slideshow), and this would have given her more time to monitor and assist students experiencing additional challenges.
Various modelling strategies were used successfully in the two cases. The use of written examples, blackboard examples, and computer-demonstrated examples to model for students an expected outcome of the lesson facilitated student learning by providing additional scaffolds during the lesson.
Discussion and conclusion
Teaching with technology that results in meaningful learning for students occurs when teachers demonstrate strong teacher knowledge of more than just technical skills (Jonassen, Howland, Marra & Crismond, 2008) . The two case studies suggest that knowledge of content-centric pedagogy -focusing lesson design on a specific content learning outcome rather than the technical skill -promotes meaningful student learning of both content and technical skill, which is similar to other findings in the literature (Harris, Mishra & Koehler, 2007) .
Mishra and Koehler (2008) point out that effective teaching with technology requires knowledge of pedagogy, content, and technology. Current literature (Hughes & Scharber, 2008; McCrory, 2008; Niess, 2005) also suggests that each content area has specific technology skills that are unique to that discipline. This literature has identified characteristics of Technological Pedagogical and Content Knowledge (TPACK) in relation to different subject areas, including science, math, social studies, and language arts. Our findings point to the idea that there are some technology pedagogical skills that are fundamental for teaching with technology across all subject areas for elementary teaching. Specific characteristics of teacher actions related to planning and implementation of technology-enhanced lessons across subject areas were identified. Characteristics of planning included: 1) content-centric goals for lesson, 2) choice of technology-enhanced activity, 3) differentiation strategies, and 4) sequencing of activities. Implementation characteristics included: 1) preparation for the teaching act, 2) knowledge of specific classroom management techniques for teaching with technology, and 3) modeling strategies.
While these characteristics are similar to general pedagogical knowledge that teachers draw on for teaching, they are unique in how they are expressed by teacher actions in the classroom during technology-enhanced lessons. For example, all teachers differentiate for student learning when they plan their lessons. However, a different set of differentiation strategies as represented by teacher actions is required for a technology-enhanced lesson. As was shown in the case studies, appropriate differentiation of handouts to support both content and skill development was necessary. Grouping students would also involve knowledge of student technical skill abilities, as well as content knowledge or academic skill level and knowledge of the number of students to maximise engagement and learning.
In order for novice teachers to become comfortable using technology in their daily classroom practice, they need to have successful experiences with their initial technology-enhanced teaching experiences, as teachers tend to repeat strategies that they perceive as successful. The case of Chelsea shows that knowledge of these strategies and teacher actions may not come naturally to all pre-service teachers; often, these actions are not intuitive and are learned through 'just-in-time' mentoring (provided to participants in this study by the team of researchers and associate teachers). The latter observation is consistent with notions of learning TPACK skills through technology mentoring in the literature (Figg & Jaipal, 2009) . Hence, there is a need to explicitly identify what this TPACK knowledge looks like in practice (TPACK-inpractice) . Such explicit knowledge is pertinent for technology teacher educators, subject matter methods teacher educators, and associate teachers who mentor preservice teachers, as it highlights specific technological pedagogical and content knowledge used in practice that is generic across different subject content areas.
This study begins to identify some of these generic explicit strategies and actions that represent TPACK-in-practice and can be incorporated into the technology methods courses, or integrated into subject based methods courses in teacher education programs. Some instructor-guided strategies are:
• Illustrating to pre-service teachers how to create a technology tutorial (either print or electronic) appropriate for different grade levels, and demonstrating how to group students in the computer lab to provide technical and academic scaffolding.
• Introducing pre-service teachers to a variety of technology tools that support learning activities, such as using Inspiration, SMART Ideas, or Popplet, to brainstorm or flowchart. This supports pre-service teachers in the development of a repertoire of technology-enhanced activities that they can use in their lesson designs; they also learn specific TPACK-in-practice actions, such as how to sequence the teaching of technical skills with the focus on content learning.
• Participating in an instructor-modelled technology-enhanced learning activity as learners that highlight different TPACK-in-practice strategies and techniques.
[3]
Pre-service teachers then take on the role of the teacher in simulated teaching situations that incorporate student-centred or collaborative learning, including:
• Peer teaching of technology-enhanced activities within small groups, • Critiquing effectiveness of TPACK-in-practice of a video recorded mini-lesson, • Critiquing of case studies or video cases of technology-enhanced instruction.
Incorporating these generic TPACK-in-practice skills into teacher education and inservice courses provides pre-service teachers with practical knowledge to encourage successful lesson experiences during their first attempts at teaching with technology. Future research can expand or extend the current research by identifying other characteristics and actions of TPACK-in-practice that support successful technologyenhanced teaching.
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